Abstract. Endometrial carcinoma is the most common gynaecological malignancy. Nevertheless there is a lack of curative therapies, especially for patients diagnosed with late stage, recurrent or aggressive disease, who have a poor prognosis. Cordyceps Sinensis, Ganoderma lucidum and Agaricus Blazi Murill are three fungi widely used in traditional Chinese medicine, and effects as adjuvants in tumour therapy have been demonstrated. However, the function and effects of these fungi in regard to endometrial cancer are not known. Three endometrial cancer cell lines, Ishikawa, Hec-1A and AN3-CA (derived from endometrial cancers grade I, II and III, respectively), were used to determine the effect of the fungi extracts on endometrial cancer cell function and to analyze the molecular mechanism. All fungi extracts had an inhibitory effect on cell viability and proliferation most probably exerted through induction of autophagy. Our data suggest that these fungi extracts may be used as adjuvants in endometrial tumour therapy.
Introduction
Endometrial cancer is the most common gynecological malignancy in developed countries and represents the eighth leading cause of cancer related death in women (1) . Apart from surgery, irradiation, hormonal-therapy and chemotherapy are used to cure this malignancy (2) . The majority of patients with advanced endometrial cancers relapse because a proportion of primary tumours are intrinsically refractory to treatment. Therefore, a definite need for new treatment strategies exists.
Cordyceps Sinensis (Cordy), Ganoderma lucidum (Reishi) and Agaricus Blazi Murill (ABM) are fungi widely used in traditional Chinese medicine. The biological activities and numerous pharmacological effects such as antitumour, immuno modulatory, anti-inflammatory, anti-diabetes, antihepatitis, anti-hypercholesterolemia, anti-heart disease and anti-oxidant properties of Cordy, Reishi and ABM have been well documented (3) (4) (5) . Of course, every fungi contains a variety of bioactive compounds, including triterpenes, polysaccharides, sterols, nucleoside and nucleotides, as well as their degradation products and derivatives (6) (7) (8) . Multiple compound-based drugs may provide important combination therapies that simultaneously influence multiple pharmacological targets and provide clinical efficacy beyond that of single compound-based drugs (9) .
However, up to now the biological pathways involved in pharmacological activities of Cordy, Reishi and ABM are still not clear. Furthermore, no data exist on the effects of these fungi on endometrial carcinomas. Therefore, we studied the effects of a hot-water-extract derived from Cordy, Reishi and ABM on endometrial cancer cells in vitro. We used endometrial cancer cell lines derived from different stages; e.g. Ishikawa cells (stage I tumour); Hec-1A cells (stage II tumour) and AN3-CA cells (stage III tumour). Our purpose was to examine the efficiency of crude extracts from Cordy alone and a mixture composed of Reishi and ABM for treatment of endometrial cancer in vitro systems. After demonstrating growth-inhibition in a dose-and time-dependent manner, we started to enlighten the molecular basis for the observed inhibition of proliferation caused by the different fungi extracts.
Materials and methods
Cell culture. AN3-CA, Hec-1A and Ishikawa cells were obtained from American Type Culture Collection (Manassas, VA, USA). Hec-1A and Ishikawa cells were grown in RPMI-1640 medium (PAA, Cölbe, Germany) supplemented with 10% fetal calf serum, 2 mM glutamine, 1% penicillin/streptomycin and 0.5% sodium pyruvate solution. AN3-CA cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (PAA) containing 10% fetal calf serum, 2 mM glutamine, 1% penicillin/streptomycin and 0.5% sodium pyruvate solution.
Fungi extracts. The Cordyceps Sinensis as well as the mixture composed of 50% (w/w) Reishi and 50% (w/w) ABM was supplied by MycoVital (Limeshain, Germany). Whole mushrooms were dried (below 35˚C) and homogenized to a powder by the manufacturer. The mushrooms were not treated with any compound or chemical. The mushroom extracts were directly ordered by the manufacturer and used within the indicated best-before date. A stock solution of 50 mg/ml was prepared as previously described (10) . Briefly, the fungi powder was suspended by adding water and then boiled for 5 min. After brief centrifugation, the supernatant was collected and sterile filtrated. The stock solution was stored at 4˚C in the dark. Such a hot water extraction is used in most studies with mushrooms because some compounds such as polysaccharides are found inside indigestible cell walls and only hot water extraction can release and thereby maintaining the structural integrity of these compounds (11) . Two different lot numbers were tested from both mushroom preparations. We observed no significant differences between the two different lot numbers.
Cytotoxicity MTT assay. To quantify the cytotoxicity of the fungi extracts the viability of cells was measured with a nonradioactive cell viability assay. Therefore, cells were cultured in 96-well flat-bottom plates, in humidified 37˚C and 5% CO 2 atmosphere. The cell density was initially adjusted to 2x10 5 cells/ml in a final volume of 50 µl/well. Cells were treated with different concentrations of fungi extracts as indicated for 24, 48 and 72 h, respectively. During the last 4 h of incubation, cells were pulsed with 10 µl of tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, MTT] labelling reagent (Roth, Karlsruhe, Germany) at a final concentration of 0.5 mg/ml. The colorimetric assay is based on the reduction of yellow MTT to pure violet formazan crystals by metabolic active cells (12) . The crystals were solubilised by addition of 100 µl 10% SDS in 0.01 M HCl to each well. Absorbance was measured spectrophotometrically using a 540-nm wavelength ELISA reader (Tecan, Männedorf, Switzerland) and Magellan software. The experiments were performed 6-fold. At least 3 independent experiments were performed for each cell line.
Preparation of cell lysates and western blotting. Preparation of cell lysates was performed as previously described (13) . Membranes were probed overnight with anti-Phospho-AKT antibody and anti-AKT-antibody from Epitomics (Burlingame, CA, USA), anti-LC3B antibody from Cell Signaling (Frankfurt, Germany) or anti-β-actin antibody from Abcam (Cambridge, UK), respectively. Secondary horseradish peroxidase (HRP)-conjugated antibodies were obtained from Cell Signaling. The chemiluminescent HRP substrate solution (Millipore, Schwalbach, Germany) was used for detection.
NK-cell preparation and lysis assay. PBMC were isolated from healthy volunteers by density gradient centrifugation (Biocoll; Biochrom AG, Berlin, Germany). Monocytes were depleted by adherence and the remaining non-adherent PBL were further cultured on irradiated (30 Gy) RPMI-8866 feeder cells to obtain polyclonal NK-cell populations (19) . After 6 days of co-culture 500 units of IL-2 (Peprotech, Hamburg, Germany) were added per ml and after 48 h the polyclonal NK-cell population (effector cells) was used in different killing assays. Therefore the NK-cells were labeled with eFluor 670 (eBioscience, Frankfurt, Germany). The lytic activity against CFSE-stained (eBioscience) tumour cells (targets; 10 5 cells/well) was assessed in a modified 5 h FATAL assay using various effector:target ratios (20) . Cells were detached by trypsinisation. The target cell lysis was determined by flow cytometric analysis of 30,000 target cells in a FACScan flow cytometer (Calibur, BD Biosciences, Heidelberg, Germany). eFluor 670-negative target cells were selected by gating and the percentage of CFSE cells within this population was determined. Spontaneous leakage of CFSE was determined by incubating the target cells with medium alone. Autophagy assay. The degree of autophagic death was measured by acridine orange (Sigma-Aldrich, St. Louis, MO, USA) staining as previously described (14) . Briefly, cells were treated with fungi extracts as indicated and acridine orange was added at a final concentration of 1 mg/ml 20 min before the cells were harvested. Cells were removed from the plate with trypsin-EDTA, and collected in phenol red-free growth medium. A total of 1x10 4 cells per condition were analyzed by flow cytometry on a FACSCalibur (Becton Dickinson).
Results
First of all the effects of the different fungi extracts on the viability and growing of endometrial cancer cell lines were evaluated (Figs. 1 and 2). It is obvious that the tumour cells are killed by the ABM/Reishi (Fig. 1) and Cordyceps (Fig. 2) extracts in a time-and dose-dependent manner. The viability of all endometrial cancer cells are <20% compared to untreated control cells after incubation with 10 mg/ml of ABM/Reishi extracts for 72 h (Fig. 1) . Of all endometrial cell lines used in this study, AN3-CA seems to be the most sensitive cells for treatment with ABM/Reishi extracts. Incubation for 48 h of AN3-CA cells with 10 mg/ml of ABM/Reishi extracts resulted in killing of 80% of the cells (Fig. 1) . Moreover, the incubation of endometrial cancer cells with Cordyceps extract resulted in a clearly reduced viability (Fig. 2) . Only in Ishikawa cells the killing potency of Cordyceps extract is comparable to the effects observed with ABM/Reishi extracts. In both other cell lines, the killing efficiency of Cordyceps extract is slightly diminished compared to the effects exerted by ABM/Reishi extracts.
To further analyze the basis of the observed cytotoxic effects, cells were co-incubated with the fungi extracts and z-VAD-fmk, a broad caspase-inhibitor, or necrostatin-1, a necroptosis inhibitor, respectively ( Figs. 1 and 2) . Addition of z-VAD-fmk resulted in increased cell viability in AN3-CA cells after 24 h and in Hec-1A cells after 72 h of co-incubation with ABM/Reishi extracts ( Fig. 1A and F) . Co-incubation of necrostatin with ABM/Reishi extracts resulted in a significant protective effect only in AN3-CA cells at the highest concentration of ABM/Reishi extracts used in this study at all time points as well as in Ishikawa cells after 72 h (Fig. 1A-C  and I ). In contrast, the co-incubation of Cordyceps extract with z-VAD-fmk or necrostatin-1 had only slight effects on the cell viability (Fig. 2) .
In the next step, we addressed the question if the PI3K/ AKT pathway known to be highly active in a broad variety of tumours is influenced by the different fungi extracts. Because of the fact that phosphorylated AKT (pAKT) is indicative for the activity of the PI3K/AKT pathway, the expression level of pAKT as well as AKT was analyzed with specific antibodies in a western blot (Fig. 3) . After incubation of AN3-CA cells with ABM/Reishi (Fig. 3A) or Cordyceps extracts (Fig. 3B ) the pAKT expression was reduced. Prolonged incubation with fungi extracts resulted in a stronger inhibition of pAKT expression. In the same range, the total AKT expression is strongly reduced in AN3-CA cells by incubation with ABM/Reishi (Fig. 3A) and Cordyceps extracts (Fig. 3B) . As expected in Hec-1A cells the pAKT expression is below the detection level, because of the wild-type PTEN expression in this cell line (15, 16) . But nevertheless, the AKT expression is strongly decreased by incubation with ABM/Reishi extract for 48 h (Fig. 3A) . In contrast, the incubation of Hec-1A cells with Cordyceps extract did not significantly alter the AKT expression (Fig. 3B) . In Ishikawa cells activated AKT (pAKT) was highly expressed due to an inactivating mutation of PTEN (15, 16) and only a slight decrease in the amount of Antibodies were detected using chemiluminescent HRP substrate solution (Millipore, Schwalbach, Germany). The housekeeping protein β-actin was used as internal control.
pAKT was observed after incubation of these cells with the fungi extracts for 24 h (Fig. 3) . Even in Ishikawa cells, the expression of AKT was reduced by both fungi extracts after incubation for 24 h (Fig. 3) . Therefore, it seems that both fungi extracts exert at least to a certain degree their effect on the molecular level by decreasing AKT expression.
To enlighten further the effects of the fungi extracts on the endometrial cell lines, FACS analyses were performed. In cell cycle FACS analyses, an increase in the sub-G0 phase was observed after incubation of the cells (AN3-CA in Fig. 4A and B; Hec-1A in Fig. 4C and D In FACS-based apoptosis assays, only slight effects were found after incubation of the cells (AN3-CA in Fig. 5A ; Hec-1A in Fig. 5B ; Ishikawa in Fig. 5C ) for 24 h with the indicated concentrations of fungi extracts (Fig. 5) . In agreement with the observation from the MTT assay with and without z-VAD-fmk ( Figs. 1 and 2 ) no apoptotic cells were detected (Fig. 5) . Furthermore, only a minor increase in necrosis was observed (Fig. 5) . Therefore, it must be concluded that neither necrosis nor the programmed cell death (apoptosis) played a predominant role in the fungi extracts mediated cell death of endometrial cancer cells.
Another mechanism of programmed cell death often observed in tumour cells is autophagic death (17) (18) (19) . To test the degree of autophagic death caused by both fungi extracts, the endometrial cells were stained with acridine orange after preincubation of the cells with Cordy and ABM/Reishi extracts and thereafter analysed by FACS (AN3-CA in Fig. 6A ; Hec-1A in Fig. 6B ; Ishikawa in Fig. 6C) . In all probes, incubation with fungi extracts for 24 h resulted in an increase in autophagy in comparison to the untreated control cells and the solvent controls. To show the specificity the cells were co-incubated with the fungi extracts and the well established autophagy inhibitor 3'-methyladenine (3MA) (20) (Fig. 6) . Surprisingly Hec-1A cells contained a high-level of autophagic cells even in the untreated control culture (Fig. 6B) . In comparison to the control cultures of both other endometrial cancer cell lines in Hec-1A cells, nearly four times more autophagic cells were detected. By addition of 3'-methyladenine, the effects of the Cordy and ABM/Reishi extracts were completely abolished. Furthermore, the induction of autophagic death in endometrial cancer cells by Cordy and ABM/Reishi extracts were verified on the protein level by western blotting using a specific antibody against LC3 protein (Fig. 7) . The conversion of LC3B-I to the faster migrating form LC3B-II is a well established indicator of autophagy. As shown for AN3-CA cells (Fig. 7A ) and Ishikawa cells (Fig. 7C) incubation with fungi extract resulted in an increased amount of LC3B-II. In Hec-1A cells (Fig. 7B) it is difficult to detect an increase in LC3B-II after incubation with fungi extracts due to the already increased amount of autophagic cells in the untreated culture that was already observed in the FACS based detection of autophagy (Fig. 6B) .
Since different fungi extracts are able to stimulate the non-specific immune system and to exert antitumour activity through the stimulation of the host's defence mechanism, we analyzed the effect on killing of endometrial cancer cells (AN3-CA in Fig. 8A ; Hec-1A in Fig. 8B ; Ishikawa in Fig. 8C ) by NK-cells matured with and without addition of Cordy and ABM/Reishi extracts in the indicated concentrations (Fig. 8) . The killing capacity of NK-cells was not significantly influenced by the maturation in the presence of either Cordy or ABM/Reishi extracts compared to NK-cells matured without addition of fungi extracts (Fig. 8) . Furthermore, the incubation of tumour cells with the fungi extracts did not alter the killing efficiency of NK-cells (data not shown). Therefore, it seems that the used extracts from Cordy and ABM/Reishi do not influence the immunological interactions between tumour cells and NK-cells.
For treatment of endometrial cancer chemotherapeutics are often used, among those cisplatin is known to be one of the most effective in this disease. Therefore, we tested if combined effects can be observed by incubation of endometrial cancer cells with cisplatin and fungi extracts in comparison to treatment of the tumour cells with one of these substances alone. Exemplarily the results after incubation of the cells for 72 h are shown (Fig. 9 ). The incubation of the different endometrial cell lines with cisplatin in combination with ABM/Reishi (Fig. 9A-C) or Cordyceps (Fig. 9D-F ) extracts resulted in a decreased viability compared to cisplatin incubation alone.
Discussion
Our purpose was to prove the efficiency of crude extracts from Cordy alone and a mixture composed of Reishi and ABM for treatment of endometrial cancer in model systems in vitro. We have demonstrated here that hot-water-extract derived from Cordy and ABM/Reishi is able to suppress the growth of different human endometrial cancer cell lines in vitro. After this proof-of-concept the molecular basis was enlightened; In each lane, 20 µg of total protein was analysed by 10% SDS-polyacrylamide gel electrophoresis and transferred onto nitrocellulose. Membranes were probed overnight with anti-LC3B antibody, followed by incubation with a horseradish peroxidase-conjugated secondary antibody (both from Cell Signaling, Frankfurt, Germany). Antibodies were detected using chemiluminescent HRP substrate solution (Millipore, Schwalbach, Germany). The housekeeping protein β-actin was used as the internal control. most probably the suppression of pAKT is involved in the observed antitumour effects. This finding in endometrial cancer cell lines is in agreement with previous studies on the effect of Cordy and Reishi extracts in leukemia cells as well as in ovarian, breast, prostate and gastric cancer (10, (21) (22) (23) (24) (25) . The effective concentrations of fungi extracts in endometrial cancer cells are in the same range as previously described for ovarian cancer cells (10) . Furthermore, our data argue for an interaction of the different fungi extracts with the PI3K/AKT signalling pathway known to be involved in a broad variety of cancers (26) . We and others have examined the role of PI3K/AKT pathway in human tumours and we have recently demonstrated the role of pAKT level for different aspects of cancer cells, e.g. cisplatin based resistance and NK-cell mediated killing (13, 27) . Moreover, it has been demonstrated that inhibition of the PI3K/AKT signalling pathway results in an increased tumour cell death (28) (29) (30) . Another role of AKT has been published recently; it was demonstrated that in a panel of various human tumour types pAKT is necessary for phosphorylation of Beclin-1, an essential autophagy and tumour suppressor protein (31) . If Beclin-1 is not phosphorylated increased autophagy, reduced anchorage-independent growth, and inhibited AKT-driven tumourigenesis was observed (31) . In light of this observation, the correlation between increased autophagic death and decreased pAKT level in the endometrial tumour cells is explainable. In addition, the high amount of autophagic cells in the untreated cultures of Hec-1A cells (Fig. 6B) and the high expression level of LC3B-II (Fig. 7B ) in these cells is most probably based on the low pAKT level in Hec-1A cells (Fig. 3) .
Surprisingly the Cordy and ABM/Reishi extracts used in this study did not influence the interaction between endometrial tumour cells and NK-cells in experiments in vitro. Previously it has been reported that some polysaccharides or polysaccharide-protein complexes from mushrooms are able to stimulate the non-specific immune system and to exert antitumour activity through the stimulation of the host's defence mechanism (11, (32) (33) (34) . The fungi extracts activate effector cells such as macrophages, T lymphocytes and NK-cells to secrete cytokines (TNF-α, IFN-γ and IL-1β), which are antiproliferative and induce apoptosis in tumour cells (11, (32) (33) (34) . All these effects of fungi extracts on the cells of the immune system have been evaluated in animal models and in human clinical practice (35) and clearly this complex interacting system of different stimulating and each other influencing cells that exist in vivo cannot be completely simulated in vitro. Therefore, our results concerning the tumour cell killing by NK-cells in an in vitro model must be re-analysed in an immunocompetent in vitro mouse model. But nevertheless our preliminary data show that no inhibitory effects are exerted by the different fungi extracts onto the NK-cell mediated tumour cell killing.
In any case, it should kept in mind that the origin as well as preparation of the fungi extracts can influence the effects to a very high degree as it was demonstrated exemplarily for breast cancer cells by Xie et al (36) . Therefore, it is of pivotal importance in studies dealing with the effects of natural compound extracts to use one and the same standardized extraction method for the biological material from the same origin as we have done here and in previous studies (37). Because of the fact that every fungi contains various bio active compounds, including triterpene, polysaccharides, sterols, nucleoside and nucleotides as well as their degradation products and derivatives (6) (7) (8) it is necessary to separate, isolate and analyze the different bioactive compounds in further studies. Nevertheless, multiple compound-based drugs may provide important combination therapies that simultaneously influence multiple pharmacological targets and provide clinical efficacy beyond that of single compound-based drugs (9) .
In conclusion, to our knowledge this is the first study showing that fungi widely used in traditional Chinese medicine are able to suppress the growth of different human endometrial cancer cell lines in vitro. It seems to be very likely that the different fungi extracts act by suppression of AKT phosphorylation. The decreased level of pAKT results in an increased cell death. According to our data presented here an autophagic cell death is triggered by the fungi extracts in endometrial cancer cell lines. However, we must keep in mind that autophagy could act in two ways. Autophagy can play either pro-survival or pro-death roles (17, 38) . Activation of autophagy may function as tumour suppressor mechanism by degrading cells or this pathway may be exploited by cancer cells to generate nutrients during periods of starvation and hypoxia (17, 19, 39) . Therefore, the Cordy and ABM/Reishi extracts may be used as adjuvants in endometrial tumour therapy in combination with chemotherapeutics to prevent tumour cells using the induced autophagy in a pro-survival manner.
